(19) 



(12) 



Europdisches Patentamt 
European Patent Office 
Office europ^n des brevets (11) E P 0 796 865 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

24.09.1997 Bulletini 997/39 

(21) Application number: 97104537.2 

(22) Date of filing: 17.03.1997 



(51) Inta^: C07K1/18, C07K 14/52, 
B01D 15/00 



(84) Designated Contracting States: 
DEFRGBIT 

(30) Priority: 18.03.1996 JP 61158/96 
27.03.1996 JP 72916/96 

(71) Applicant: KAN EKA CORPORATION 
Osaka-Shi, Osaka 530 (JP) 



(72) Inventors: 

• Nakatanl, Masaru 
Kobe-Shi, HYogo^cen (JP) 

• Takata, SatoshI 
Takasago-shi, Hyogo-ken (JP) 

• FuruyoshI, Shigeo 
Kbbe-shi, Hyogo-ken (JP) 

(74) Representative: VOSSIUS& PARTNER 
Postf^860767 
81634 MOnchen(DE) 



(54) Adsorbent and method for removing chemokiiies 

(57) An adsoit^ent for removing a chemoMne except 
interteukin^ in body fluid, which comprises a solid 
material having an anionic functional group, a method 
fa effteientty removing a chemokine except interleukin- 
8 in body fMd, which comprises by t>rffigtng the akxive 
adsort>ent Into contact with body fluid containing the 
chemokine and an adsort>er for removing a chemokine 
except for interleukin^ using the above adsoft>ent. 



FIG. 1 




CM 
< 

in 

CO 
CD 



lU 



PflniedDy Rank Xercx (UK) Business Services 



EP0 796 865 A2 



Description 

The present invention relates to an adsotbent for removing a chemokine in body fluid, a method for removing a 
chemoKine in body fluid by means of the adsorbent, and an adsort>er for renxiving a chemokine from body fluid. 

s An immunocompetent cell produces various kinds of active substances when causing immune response. One por- 
tion thereof is a proteinous substance called a cytokine and plays a greatly important role as a biophylactic facta which 
is closely related to various kinds of antigen-specific response and/or non-specific inflammatory response. Essentially, 
a cytokine is necessary and indispensable for maintaining biofogica) homeostasis and is produced excessively in path- 
ological conditions such as inflammation and the like, relating to the formation and the probngation of inflammation and 

10 the like. 

Among the cytokines, especially, ones having chemotaxts are generically named chemokines. Chenx>taxis is also 
referred to as chemotropism, and means tropism caused by difference in concentration of a chemical entity, tt is known 
that the substances refen-ed to as chemokines form one family for their strucOiral characteristics. 

Chemokines are characterized in ttiat they exist mainly as proteins having a molecular weight of from about 6,000 

15 to about 10,000. Depending on kinds of chemokines, however, there exist chemokines whteh form dimers or tetranners 
in fluid, and chenx)kines having a molecular weight more tiian 10,000 because of O-glycosylation. Also, chemokines 
are classified into the foOowIng two subfamilies accorcfing to their staictural characteristics. One is GXC si^mily. and 
the ottier is CC subfamily. As shown in the Review "CC CHEMOKINES IN ALLERGIC INFLAMMATION", Immunology 
Today, 15, 127-133. 1994 by M. Baggiolini etal., a chemokine has four cysteine reskJues (hereinafter a cysteine resklue 

20 is referred to as C) in a position firmly conserved in its molecule. When such four Cs are referred to as CI, C2, C3 and 
C4 in that order from N-terminus. chemokines are classified into CXC subfamily wherebi one optional amino ackJ (here- 
inaft^ referred to as X) exists b^een Cl and C2, and CC siiTfamily wherein no amino ackl exists between CI and 
C2. Further, it is shown that chemokines in each subfamily have relatively high homology in a sequence of amino ackis 
other than Cs (e.g.. the report by Chihara, Oinical Invnunokjgy. 27 [Suppl. 16], 162-171.1995). 

25 tt has been thought that CXC sutsfamily acts mainly on a naitiophif among leukocytes, while CC subfamily acts 
mainly on a monocyte, an eosinophil, a basophil and a lyirphocyte among leukocytes. Recently, however, it has been 
suggested ttiat ttiey exert their effects on various kinds of cells as well as tiie above-mentioned leukocytes. For 
instance, it is known that interleukin-8 (IL-8) shows physiofogical activities on a lymphocyte, a basophil, an eosinophil, 
an epklermal keratinocyte. a melanomatous cell, a fibroblast and an endothelial cefl as well as a neutrophilic, although 

30 inter1eukin-8 is an interleukin having chemotaxis among interleukins and a chemokine classified into CXC sid>family 
(Matsushima, Clinical Immunology, 27 [Suppl. 16], 147-154. 1995). 

Furtiier. it is known that, on e.g., a human monocyte, tiiere exist not only receptors specific to each of monocyte 
chemoattractant protein-l (hereinafter referred to as MCP-1) and macrophage aiflammatory protein-1 (hereinafter 
refen^ed to as MIP-1) which are chemokines classified into CC subtemily. but also a common receptor spedfk; to tiiree 

35 kinds of chemokines classified into CC subfamily, i.e., MCP-1 , MIP-1 and fWfTES (Repjiated upon Activation in Nor- 
mal T cells Expressed and Secreted) (Matsushima. Clink^l Immunology, 27 [ Suppl. 16], 147-154. 1995). This f inding 
suggests that there exist chemokines in one subfamily which exert the same phisiofogical activity through the same 
receptor. 

Once a living body has stress or infection from the out side, inflammation is caused as a biophylactic response, and 
40 there arises infittratkxi of leukocytes into an inflammatory site. Such inf iftration of leukocytes into an inflammatory site 
is caused by l^kocyte chemotactic factor produced at the inflammatory site, tt is known that a chemokine plays a role 
as a causative factor of the infiltration of leukocytes. In fact it has been denrK)nstrated that administration of an antibody 
against interleukin-8 (anti-IL-8-antibody) being one of chenx>kines blocks infiltration of neutrophilics at a inflammatory 
site and inhabits a disorder of organ accompanied with acute inflammation in a nnodel of a rabbit witii acute inflammation 
45 (Sekkto et al.. Nature. 2^ 654-657, 1993). 

Furthermore, recentty it has been reported tiiat a netwak of cytokines is activated by overproduction of various 
cytokines, and induction and activation of neutrophrils are caused by overproduction of chemokines due to the activation 
of the network of cytokines, in pathtologioal conditions included in a conception of syetenruc inflammatory response syn- 
drome (SIRS) (Endo et al.. Intensive & Critical Care Medicine, 4. 1357-1365. 1992). tt is suggested ttiat ttier^ sys- 
so temic inflammatory response progresses, and shock, a tissue disorder and pluriorganic insufficiency are caused, and 
then death may come. 

It is suggested that at a pathologic site of allergic inflammation, various inflammatory cells such as a lymphocyte 
and an eosinophil infiltrate according to action of chemokines such as RANTES. platelet factor-4 (hereinafter refmed 
to as PF-4) and macrophage inflammatory protein-la (hereinafter refened to as MIP-1a ), as key sulDStances. 
55 Also, for iristance. in case of canying out blood extracorporeal circulation such as dialysis therapy, the possibility 
has been suggested tiiat chemokines are overproduced by stimulation to an immunocompetent cell by means of con- 
tact Mitii an artifk:iai material, an inritant represented by nwobial endotoxin in dialysis, various irritant factors existing 
in Wood or tissue, and ttie like. For instance, in dialysis amyloidosis or carpal tunnel syndrome which is a conplication 
accompanied with a long-term dialysis therapy, tiie possibiTrty has been suggested that MCP-1 or MIP-1 a is overpro- 
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duced and relates to formation of pathological conditions (Inoue et a!., Nephrology Dialysis Transplantation. Ifi, 2077- 
2082, 1995). 

Further, an abnormally higher concentration of interleukin^ being one of chenrx)kines has been detected at an 
inflammatory site or in perioral blood of patients with diseases such as gouty arthritis, psoriasis, contact dermatitis, 
s idiopathic fixoid lung, aduK respiratory distress syndrome, inflamnmtory txwel disease, immune angiitis, urinary tract 
infection cardiac induction, asthma, respiratory tract infection, perinatal infectious disease and rejection in organ trans- 
plantation, tinan that of a normal human (Menekiyakuri, 12, Mo. 1 . 15-21 . 1 994). 

Also, there abnormally appear interleukin-8, RAf^TTES, MCP-1, MlP-1a arid macrophage irtflammatory protein- ip 
(hereinafter refuted to as MIP-ip ) in rheumatoid arthritis (RA); MCP-1. MIP-1a and MIP-ip in crescentic glomerulone- 
10 phritis: interleukin-8 and MCP-1 in chronic glomerular nephritis; and MCP-1 in lupus nephritis. It is suggested that the 
chemokines concern formatk>n of pathological conditiorts of the above-mentioned diseases. 

Until new, there is no report as to a method for removing such chemokines which have various functions in body 
fluid. Ihere is disclosed only a method for purtfyotg blood with an adsorbent for removing an endotoxin and/or a 
cytokine caused by the endotoxin, which comprises a porous canier having a cationic functional group on the surface 
IS (Japanese Unexamined Patent Putrfication f^. 31201 7n 994). However, there is descrit>ed neitfier rDeasurement of the 
cytokine nor adsorption of the cytokine in Example tfiereof. 

H is also oonskJered that inhbition of chemokine*s action, so-called artti-chemokine therapy is applied by adntinis- 
tering an antibody against the chemokine or a substance whk:h irdiibits binding of tiie chemokine to a receptor thereof. 
However, it is necessary to prepare and administer an antitx)dy against each chemokine in order to inh9>it such action 
20 by administration of tiie antOxxJy or the Kke, because it is suggested that many kinds of chemokines abnormally appear 
in patiidogic conditions accompanied witii cfvonk; inflammation such as the above-mentioned rfieumatoid arthritis. 
Further, an antbody or the like to be acbnintstered must not exert bad influence upon a human body, and it is conskiered 
that development thereof requires k>ng term and a great cost Therefore, it is fiard to say that such therapy is suitatsle 
ona 

25 In order to solve the above problems, an object of the present invention is to provide an adsortsent wNch can effi- 
dentiy adsorb and remove vanous cfiemokines present in body fluid. 

A furtfier object of the present invention rs to provkie a mettiod for removing the chemokines t>y means of the 
above-mentioned adsorbent. 

A still further object of the present invention is to provide an adsort)er tor renxjving the chemokines with the above- 
30 mentioned adsort>ent. 

These and the other objects of tiie present inventwn will become apparent from tiie folkwing desaiption. 

By investigatnig literatures, it became dear that there were many chemokines having at least 7 of isoelectric point, 
namely having a positive charge in a phystotogk^al condition, while there were several chemokines having less tfian 7 
of isoelectric point, namely a negative charge in a phystotogical conditton. As a result of the continuous effort erf the 
35 present inventors with respect to an adsorbent havirig ability to eff kaentf y adsorb and r^fnove chemokines with various 
charges existing in body flukl, it has been found that a solid material having an anionic functional group, particularly a 
styrene-divinybenzene copolymer having a sulfonic add group, strongly adso(t)es a chemokine regardless of tfie isoe- 
lectric point thereof, in case where the solid material is brought Into contact with the chemokine. Consequently the 
present invention has t>een accomplished. 
40 The present applk^ant has previously filed the patent applications concerning the adsort>ent for removing inter- 
leuklns, which conprises a solid material having an anionic functional group (Japanese F^tent Application No. 
226906/1 994 (National Republication of PCT Applk;ation No. PCT/JP95/01859 (WO 96/091 15)) and Japanese Patent 
Application No. 229298/1995 (Japanese Unexamined patent publication No. 281101/1996)). Tha-efore, among inter- 
leukins, interleukin-8 having chemotaxis. which is a chemokine classified into CXC subfamfly and has 8.6 of the isoe- 
45 lectric point, is excepted from the chenrK>kine of the present invention. 

In accordance with tiie present invention, tfiere is provided (1 ) an adsort)ent for removing a chemokine except biter- 
leukin-8 in body f lukl, whk;h comprises a solid material having an anionic functional group. 

Further, there is provkJed (2) the adsorbent of tfie above-mentioned item (1), wherein the anfonic functional groi^ 
comprises at least one kind of functional group selected from the group consisting of sulfuric ester group, sulfonic add 
so group, cartx)xyl group and phosphoric ester group. 

Further tfiere is provided (3) tfie adsorbent of tfie above-mentioned item (1) or item (2), wherein the sdkJ material 
having an anionic functional group is a solid material onto which a polyanionic compound having plural anionic func- 
tional groups in its nnolecule is immobilized. 

Furtfier. tfiere is provkled (4) ttie adsort)enl of tfie above-mentioned item (3). wherein ttie pdyanionic compound is 
55 a synttietic polyanionic conipoand and/or asyntfie^^ 

Furtfier, tfiere is provKled (5) tfie adsortjent of tfie above-mentioned item (1), wherein tfie solid material having an 
anionic functional group is a styrene^iivinylbenzene copolymer having a sulfonic acki group. 

Furtfier. tfiere is provided (6) ttie adsort)ent of the above-mentfoned item (5), wherein ion-exchange capadty of tfie 
styrene-divinybenzene copdymer having a sulfonic acid group is fr m 0.01 meq/ml to 5 meq/ml. 
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Further, there is provided (7) a method for removing a chemoWne except interleukin-8, which comprises by bringing 
the adsorbent of the above-mentioned item (1) into contact with body fluid containing the chemokine. 

Further, there is provided (8) the method of the above-mentioned item (7), wherein the adsort>ent for removing the 
chemokine compnses a styrene-divinybenzene copolymer having a sulfonic acid group 
5 Further, there is provided (9) the method of the above-mentioned item (8), wherein k>n-exchange capacity of the 
styr6ne-divinyft>enzene copolymer having a sdfbnic add grotq> is from 0.01 meqArti to 5 meq/hfil. 

Further, there is provided (10) the method of the above-mentioned item (8), wherein a vessel which has an inlet and 
an outlet for fluid contains the adsort)enl for removing a chemokine in the vessel. 

Further, there is provided (1 1) an adsorber for renniving a chemokine except interleukin-8, wherein a vessel which 
10 has an inlet and an outlet for fluid and is equipped with a means to prevent the adsort>ent of the above-mentioned item 
(1) from flowing to the outside of the vessel, is charged with the adsortent of the atx)ve-mentioned item (1). 

Further, there is provided (12) the adsoft>er of the abovennentioned item (1 1 ). wherein the adsort)ent for removing 
the chenfK>kine comprises a styrene<livinyfoenzen6 copolymer having a sul^^^ v 

Also, there is provkled (13) use of an adsort)em of any one of the above-mentioned ttems (1H6), for the manufac- 
15 ture of an adsort>ent for removing a chemc^ne except interieukin-8 in body fluid. 

A variety of chemoWnes except interleukin-8 existing in body fluid can be efficiently adsoft>ed and renwved by 
means of an adsoft>ent aocortfing to the present invention, whk^ comprises a solid material having an anionic func- 
tfonal group. The present invention can provide an effective method for suppressing the effect of chemoWnes in various 
diseases caused by the chemokinds. 
20 Fig. 1 isaschematicaosssectionof an Example ol the adsort)er for removing a chemokine of the pre^^ 
tion. 

The term Ixxiy fluid" in the present invention means a liquid constituent derived from a living body such as blood, 
plasma, serum, ascites, lymph or synovia. 

Also, the term "chemokine" in the present invention means a substance which has chenxrtaxis and is characterized 

25 in that there exist a gene coding for a chemokine that bek)ngs to CXC subfamily in hunr^n chromosome 4 (q12-q21); 
and a gene coding for a chemokine that belongs to CC siAfamily in human chromosome 1 7 (ql 1 -q1 2). However, inter- 
leukin-8 is excepted from the chemokine in the present inventioa Also, the chemokine of the present invention includes 
a substance being newly found in a future study and recognized to be in the category of the definition of the chemokine. 
Refemng to Matsushima's report (airtical Imnuinology, 27 [ Suppl. 16], 147-154. 1995), Chiharals report (Qinfcal 

30 lmmunotogy,2LlSuppl.161, 162-171, 1995) and the like, the following human chemokinesknoim to date are exempB- 
fied. GROa, GROp . GRDy, neutrophil activating protein-2 (NAP-2). neutrophil activating protein-4 (NAP-4), epithelial- 
cell derived neutropftil-activating protein-78 (ENA-78). PF-4. intaleron-inducWe protein 10 (IP-10), granulocyte chem- 
otactic protein-2 (GCP-2), p -thromboglobulin (p -TG) and pre-B cell growth stimulating factor (PBSF) are exempfif ied 
as ChemoWnes classified into CXC subfamily, and MCP-1 , HC14, monocyte chemoattractant protein-3 (MCP-3), 1-809, 

35 MIP-1a , MIP-lp and RANTES are exempified as chemokines classified into CC subfamily. However, since a name of 
a chemokine is not often unified, there is a case where one chenx>kine is referred to as a difforent name. For example, 
in thepUtdished book edited by Department of Microbiology. Kyoto Prefectural Univ^ity of Medrcine. "Cytokine Data 
Manual. Nankodo", 1 995. there is desaft)ed that GROp and GROr are refenred to as macrophage inflammatory protein- 
2a (MIP-2a ) and maaophage inflammatory protein-2p (MIP-2p ). respectively; and MCP-1 is referred to as monocyte 

40 chemotactic and activating factor (MGAF); and HC14 is referred to as mwiocyte chenrioatlractant protein-2 (MCP-2). 
Therefore, even if the above-mentfoned chemokines are refen'ed to as another names, it is natural that such chemok- 
ines are involved in the chemokine of tfie present invention. Further, it is needless to say that the chemokine of the 
present invention includes a sut>sfance t>eing newly found in future and recognized to be in the category of the def mitkxi 
of the chennokine. 

45 In the present invention, the adsorbent for removing a chemokine exc^ interleukin-8 is characterized in that the 
adsorbent comprises a solid material having an aniortic functional groip. 

The term "anionic functional group" in the present invention means a functional group which is negatively charged 
at a pH of neutral. The representative examples of such functional group are. for instance, carixoy group, sulfonic acid 
group, sulfonic groi^ sulfuric ester group, siland group, phosphoric ester group, phendk: hydroxyl group and the like. 
50 However, the anionic functional grotp is not limited thereto. 

The term "solid materiaJ" in the present invention means a material which is solid at ordinary temperature under 
ordinary pressure and water-insotuble. 

Though the exartples of the form of the solid material of the present invention are, for instance, a particle, a board, 
a film, a ffoer, a holfow fiber and the like, the forni is not lirrated thereto. In case where the solkl materia!, with which a 
55 column is charged, is used; it should be the one wherein openirigs can be rnade which afcTendLigh for cells contained 
in body fluid to pass through them. For example, if the solid material is in the fomi of a particle, it is preferable that the 
average partkile size is 5 to 1000 ^im. Preferably, the average particle size is 25 to 1000 urn and most preferably, the 
average particle size is 50 to 600 jxm. Among them, for reason that no increase of pressure loss occurs, it is preferable 
that the distrftxrtion of the particle size is nanow. Also, if the body fluid is tjlood, it is preferable that the average particle 
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size is at least 200 \srr). 

And, if the solid material is In the form of a ihet and is hollow, it is preferable that the inner dianrteter is at least 1 
^m. Preferably, the inner diameter is 2 to 500 iim and most preferably 5 to 200 ^m. If the inner diameter is less than 1 
pm, cells contained in body fluid may not be able to fully pass through the solid material. 

5 Furtfier, it is preferedble that the solid material in the present invention has many pores of adequate size, namely the 
solid material has porous structure. The term "solid material having porous structure" in the present invention includes 
the fdlowings: (1) a solid material conprising globular particles each formed by agglomeration of microglobular parti- 
des of a macromolecular material and wNch has spaces (macropores) formed between the agglomerated microglob- 
ular particles; (2) a solid material comprising the globular (^des wherein each microglobular particle contains pores; 

70 and (3) a sdid material comprising a copolymer having three dimensional network structure which contains pores 
(micropores) formed in a swoOen state in an organic sdvent having affinity with the copolymer. 

And it is preferable that the surface of the solid material is sniooth. It is not preferable that the surface of the solid 
material is rough, because non-spedfic adsorption of blood components is increased when body fluid containing a 
hemocyte passes through the soGd material. Therefore, for example, the solid material may be coated with an adequate 

IS macromolecule such as a polymer of hydroxyethylmethacrylate. 

There are various methods to obtain a solid material having an anionic functional grotp. which is an adsort>ent of 
the present invention, and the solid material can be obtained by any methods. As the representative method, there can 
be exemplified, 

20 (1) a method for forming a solid material having an anionic functional group by means of polymerization or copoly- 
merization using as a monomer or a crosslinking agent a compourKi having an anionic functional group or a func- 
tional group which can easily convert to the anionic functional group, and 
(2) a method for immobilizing a conpound having an anionic functional groip onto a sdid material. 

25 As the representative example of the monomer having an anionic functional group used in the method (1). there 
can be exenplif ied acrylic add. methacrylic add. styrenesutforvc add and the like. The monomer is. however, not Ttnv 
ited to these compounds. 

Also, as the representative example of the monomer having a functicnal group which can easily convert to an ani- 
onic functional group, there can be exemplified an ester of acrylic add. an ester of methacrylic add and the like. The 
30 functional group in these monomers can easily convert to an anionic functional group by a reaction such as alkaline 
saporefication. TTie monomer is. however, not limited to tfiese representative examples. 

And a sdid material having an anionic functicnal group can be obtained by polymerization using such a represent- 
ative mononier having an araonic functional groa(> or by copdymerization using two or more kinds of these represent- 
ative nxHiomers. 

35 Also, a solid material having an antonic functional group can be obtained by copotymerizing the above representa- 
tive monon)er having an anionic functional group with a nxMiovinylmononner represented by styrene. chlorostyrene and 
the like, further, with a pdyvinylmonomer as a crosslinking agent represented by divinylbenzene and trivinyfi>enzene. 

As the method of (2). namely the method for immotHlizing a compound having an anionic functional group onto a 
solid material, there can be exemplified a method for directly introdudng an anionic functtonal group itself into a so6d 

40 material, and a method for introdudng a compound having an anfonk; functional group and a part other than the anfonic 
functional group in its nx>lecule into a solid material. 

As the representative example of the method for directly introdudng an anionic functbnal group itself into a sofid 
material, there can be exemplified a method for directly introdudng sulfuric ester grotp and^or sulfonic add group into 
a solid material by reacting the solkl material with a reagent such as chlorosuKonic add or concentrated sulfuric add. 

45 The method is. however, not limited to such a representative example. 

In case where a compound having an anionic functional group and a part other ttian the anionk; functional group in 
Its mdecule is introduced into a solki material, varfous methods whrch are widely known can be used without particular 
limitation. Since it is important that the compound having an anionic functional group is not r^eased for preservation 
and safety of the adsotbent. the n^ethod by nmns of covalent borxl capable of a strong immobilizing is preferatjie. 

so In this case, the compound having an anionic functional group in the present invention and a functional group avail- 
able for the immobilizatfon other than the anionic functional groip is preferable. 

As the representative exanrple of the functional group availat)le for invnobilization. there can be exenrpuf ied amino 
group, amide group, cartkoxyl group, acid anfrydride group, sucdnimide group, hydroxyl group, thiol group, akiehyde 
group, a hafogen group, epoxy group, sitand group, tresyt group and the like. The functional group available for immo- 

55 bilization isr1nowwer,~not limited to the^^^^ - . — - 

As the representative example of the compound having an anionic functional group and a functional group other 
than the anionic functional group in its mdecule. there can be exemplified a partially sulfuric ester compound derived 
from a pdydic compound such as diols. triote. saccharides or pdysaccharides. and the like. These compounds are 
preferably used, since they have txth of an anionic functional group and a functional groip available for the immc^ili- 



5 



EP0 796 865 A2 



zation. 

Also, in this case, it is preferable that tiie compoind having an anionic functional group, which Is used for the immo- 
bilization, is a polyanionic compound having plural anionic functional groups in its molecule. Among the compounds, a 
polyanionic compound having a molecular weight of at least 1000, particularly at least 3000, Is more preferable, since 
5 such a compound can eas9y introduce many anionic functional gcc^ps into a soTid material and has high affinity tor a 
chemokine. Though an upper limit of molecular weight of the polyanionic compound is not' particularly limited, the upper 
limit is preferably 10^ in practical usa Also, the polyanionic conpouxl may have one or more kinds of an anionic func- 
tional groupL 

The representative examples of the polyanionic compound are, for instance, synthetic polyanionic compounds 
10 such as poly(acry1ic acid). poly(vinyl sulfuric add), poty(vinyl sulfonic add). poly(8tyrenesulfonic add), poly(glutamtc 
acid), poly(aspartic acid), polyjmethaaylic add). poly(phosphoric add) and styrene-maleic add copolymer; synthetic 
acidic polysaccharides such as dextran sulfate and cartxxxymethyl cellulose; addc mucopdysaccharides which are 
derived from an organism arid have sulfuric ester group, such as chondrdtin sulfate, dermatan sulfate and Keratan sul- 
fate; addle mucopdysaccharides which are derived from an organism arid h^ 
15 group, such as heparin and heparan sutfete; pdysaccharides which are derived from an organism and have an anionic 
functional group, such as chondroitin and phosphomannan; and nudeic adds which are derived from an organism, 
such as deoxyribonudeic add and ribonucleic add. txit the pdyanionic conpound is hot limited to the representative 
examples. 

Among these representative compounds, use of a synthetic compound is more practical than use of a compound 
so which is derived from an organism as it is. on the grounds that the synthetic compound having a high degree of purity |f 
can be obtained at a lew price and that an amount of an introduced anionic functiortal group into a solid material can t^e ' 
contrdled. Therefore, synthetic polyanionic compounds such as poly(acrylic add), poly(vinyl sulfuric add), poly(vinyl 
sulfonic add), poly(styrenesulfonic add), pdy(glutamic add). pdy(aspartic add), poly(methacrylic add), poly(phos- 
phoric add) and a styrene-maleic acid copdymer, and synthetic addc pdysaccharides such as dextran suKate and 
2S cartxsxymethyl cellulose, are preferably used. 

Further, in case of immobilizing the pdyanionic compound onto a sdid material, one or mae kinds of the polyaru- 
onic compound way be used. 

Alsa as the sdid material in this case, it is preferat)le that the sdid material has a functional group available for 
bondrig to the compound having an anionic functional £^oup. The representative examples of the functionai group are. 
30 for instanp^, amino group, amido group, carboxyl group, add anhydride groif). sucdnimide group, hydroxyl group, thiol 
group, aldehyde group, a halogen groi^ epoxy group, siland group and tresyl group, but the functional group is not lim- 
ited to thent 

The representative examples of the sdkl material having su^h a functional group are. for instance, inorganic solid 
materials such as glass and stfica gel; solid materials corrprising polysaccharides such as cellulose, chrtin, chitosan, 

35 agarose, dextran and derivatives thereof; and synthetk; high polymers such as pdy(vinyl alcohoQ. pdyacrylamide. 
pdy(acrylic add). pdy(methacrylic acid), derivatives thereof and copolymers thereof. Ixit the solid material is not limited 
to them. Further, these solid materials may be activated by a method such as cyanogen halkJe method, epichbrohydrin 
method, bisepoxide method or bromoacetyttxomide method. 

It is preferable that the adsorbent in the present invention comprises a sdid material having a proper amount of an , 

40 aruoruc functional group. If the amount of the ankxiic functional group is too small, there is no effed of the anionic tunc- I / 

tional groupi If the amount is too large, non-specific adsorption occurs. Therefore, it is necessary that the adsort)ent 'm 
the present invention has 100 nmd to 10 mmd of the anionic functional group per unit volume (1 mQ of the solid mate- 
rial which swells in water. Preferably the ad5ort»ent has 1 (i md to 5 mmd. most preferably 5 (i mol to 3 mmd of the 
anionic fundional group per unit vdume (1 mQ of the sdid material which swells in water. 

45 Among the above-mentioned sdid materials having an anionic functional group, a sdW rrwterial comprising sly- 
rene-divinylbenzene copolymer having a suKdiic add group, is preferable. Such a styrene-divinylbenzene copdymer 
having a sulfonic acid group is genereUly used as a strongly addic cation-exchange resin. 

There are various copdymerization methods to obtain the akx>ve-mentioned styrene-divinylbenzene copdymer. 
and copdymerization can be carried out by any methods. As the r^esentative method, there can be exeirplif ied. for 

50 instance, a method wherein a proper amount of divinylbenzene is added to styrene, and a polymerization catalyst, for 
instance, a sn^l! amount of benzoyl peroxide and water, are added to the mixture, and a susperxiing agent such as 
b»entonite or afginic add is added thereto, and then the obtained mixture is intensively agitated to carry out pdymeriza- 
tion. 

As the method for introdudng a sulfor^c add group into the above-mentioned styrene-divinylbenzene copolymer. 
55 there are Nariousmet^ for instance, a rnethbd wherein the abovennentioried copdymer is treated with concentrated 
sulfuric add or chlorosulfonk; add and the like, but the m^hod is not limited thereto. 

The amount of a sulfonic add group which introduced into a styrene-divinylbenzene copdymer, can be repre- 
sented by ion-exchange capacity. In order to adsorb a chemokine. it is necessary that a sulfonic acid group is introduced 
into a slyrene-divinylb«izene copdymer at a proper density. Preferably, the ion-exchange capacity of the above-men- 
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tioned styrene^lhrinylbenzene copolymer having a suKbnic acid group is 0.01 to 5 tneqfaU, more preferabi/ 0.1 to 2 
meqftrU. tf the capacity is less than 0.01 meq/m/. major proteins in Ixxiy fluid (mainly albumin) are non-spectficaDy 
adsorbed. If the capacity is more than 5 meq/m/ . manufacture of an ad8ort>6nt maintaining abiOty to adsorb a chemok- 
ine t>ecomes difficult 

5 In order to adsorb more chemokine, it is preferable lhat the above-mentioned adsorbent which comprises a sty- 
rene-divinylbenzene copolynier having a sulfonic acid groip, has pores of a size sufficient to enable a chemokine to 
enter them. The pores have a pore distnbution, and the pore distrbution thereof can be measured by mercury porosim- 
etry method or nitrogen adsorption method. In order to adsorb a chemokine, the paes of the styrene-divinytbmene 
copolymer having a sulfonic acki group have preferably 50 to 2000A of the main pore distribution, nfK>re preferably 100 

10 to 1 0OOA of the main pore distribution. 

In ader to adsorb more chemokine. it is preferable that an adsort^ent which comprises a styreneKiivinylbenzene 
copolymer having a suftonic acid group, has large surface area available for adsorption per unit quantity of the adsort>- 
ent (specif k; surface area). Preferably, specific surface area of the adsort}ent is at least 1 0 m^/g, more preferably at least 
50m2/g. 

15 There are various methods, as a method for adsort)ing arid rermving a chemokine from body fluid, using the 
adsorbent according to the present inventioa As the representative method, there are exerrplif led a method wherein 
body fluid is taken and stored in a bag or the like, and the adsorbent is mixed therewith to adsorb and remove a chem- 
okine, and then the adsort>ent is filtered off to obtain body f tukJ from which the chemokine is removed, and a method 
wherein a vessel having an inlet and an outiet for body f lukJ ^ equipped with a filter through whk^h body fluid can pass 

so and the adsort>ent cannot pass, and the vessel is charged with the adsort}ent» and body f luki is f k)wed. Any methods 
can be used. With respect to the latter method, however, the operation thereof is simple, and a chemoMne can t^e 
removed eff ictentiy on-line from body fluid, especially bkxxJ of a patient by incorporating the latter method into e»ctracor- 
poreal circulation cyde. Therefore, the adsort)ent of the present invention is suitable for this method. 

In the extracorporeal circulation cyde described herein, the adsort^ent of the present inventton can be used alone 

25 or in combination with the other extracorporeal circulation treatment system. As an example of the combination, there 
is a combination witfi artif k^tal dialysis cyde. and then, the comtHnation can also be used for henKxtialysis therapyy. 

An adsorber for removing a chenrK)k)ne of tiie present invention with the adsort)ent for removing a chemokine is 
mae specifically explained referring to Fig. 1 which is schematic cross 8ectk)n of an Example. 

In Fig. 1 , 1 represents an inlet for body f luki; 2 represents an outlet for body f luki; 3 represents an adsort>ent for 

30 removing a chemokine of tiie present invention; 4 and 5 represent a fitter for preventing tiie adsott^ from f towing out, 
thereby body fluid and a component contained in body fluid can pass but tiie adsortjent for removing a chemokine can- 
not pass; 6 represents a column and 7 represents an adsorber for renxiving a chenrx>klne. However, the adsort^er for 
renrxsving a chemokine is not limited to such a representative example, any adsorber wherein a vessel whk:h has an 
inlet and an outiet fa body fluid and is equipped with a nrieans to prevent the a 

35 flowing to the outside of the vessel, is charged witii the above-mentioned adsort>ent can l>e available. 

As the above-mentioned means to prevent the adsoit)ent from flowing out, there can be exemplified, for instance, 
mesh, non woven fabric, cotton plug and tiie like. Also, a shape, material and size of tiie vessel of the above-mentioned 
adsorber are not particularly limited. As a preferable example, there is a cylindrk:al colunrui with at>out 150 to alx)ut 400 
m/ of capacity and about 4 to about 1 0 cm of diameter. 

40 The present invention is explained in detail by means of ttie following Exanples and, however, tiie present inv^on 
is not limited to the following Examples. Alsa in the following Examples, as a chemokine to be adsorbed, there can be 
exempllfted MIP-1a which has less than 7 of the isoelectrk; pdnt (the isoelectrte point: 4.7) and is classified into CO sub- 
family. However, it is needless to say tiiat, in the same manner as MIP-1a . a chemokine c^her tiian MIP-1a can t>e 
applied for the present invention. 

45 

Example 1 

To 1 0 ml of CK gel A-3 which was a cellulose canier (partide size: 45-1 05 ^m. made by CHISSO CORPORATION, 
hereinafter refenred to as CKA-3), 4 g of a 20 % (w/v) aqueous solution of sodium hydroxkie, 12 g of heptane and one 

60 drop of a nonion-type surfactant Tween 20 (made by Bio-Rad Laboratories, Inc.) were added. After agitating for 2 hours 
at 40°C , 5 g of epichlorohydrin was added tiiereto and agitated for 2 hours. Then, the obtained gel was washed with 
water and filtrated to obtain an epoxidated CKA-3. The amount of tiie introduced epoxy grotp was 3D p moi per mi cf 
unit volume of the epoxkiated CKA-3 which swelled in water. To 2 ml of the obtained epoxidated CKA-3, 0.12 g of 
sodium dextran sulfate of which the limiting viscosity number was 0.027 dl/g and the sulfur content was 17.7 % by 

55 weight (molecular weight: approximately 4000). and 2 ml of water were added (the concentration of sodiurri dextran sul- 
fate was approximately 2.5 % (w/v)]. ArxJ. the obtained admixture was adjusted to pH 11 and shaked for 16 hours at 
45''C . After tiiat, the gel was filtered off and was washed with a 2M aqueous sdution of sodium chloride, a 0. 5M solu- 
tion of sodium chlonde and water in ttiis torn to obtain the CKA-3 on which sodium dextran sulfate was immobilized 
(hereinafter referred to as C-1). The amount of the anionic functional group per unit volume of the adsortjent which 
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swelled In water (1 ml) was 12 fi mol. 

Then 0.5 ml of C-1 was wei^^ed out as secEmentation volume and tho-eto was added 3 ml of human MIP-1a addi- 
tion human senim which is prepared by adding recombinant human MIP-1a {wade by R & D systems) to human serum 
(ttie concentration of MIP-1a : 12 ng/mQ. Then the obtained admixture was shaked for 2 hours at 37**C to adsorb 
5 human MIP-1a . The concentration of MIP-1a in si^rnatant was measured by means of a measurement kit for human 
MIP-1a made by R & D systems. 



Result 


Adsort^ent 


Concentration of MIP-1a 
in supernatant (ngMrl) 


C-1 


0.49 



Cpmp^rative pcampl^ 1 

20 As sedimentatkHi volume, 0.5 ml of CKA-3 was weighed out and thereto was added 3 ml of human MIP- 1 a addition 
human serum wNch was prepared in the same way as in Example 1 . And then, the adsorption experiment was earned 
out and the concentration of MIP-1a in supernatant was n>easured in the same way as in Example 1 . 



Result 


Adsort>ent 


Concentration of MlP-la 
in supernatant (ng/ml) 


CKA-3 


1.1 



It is found that contrary to Comparative Example 1, the corKentration of MIP-1a in Example 1 was extrenf)ely 
decreased, and MIP-1a in a solution can t>e efficiently adsort>ed and renxived by means of the adsort>ent which was 
35 prepared by intrcxJudng an anionic functional group Into a cellulose carrier. 

Example 2 

As sedimentation volume, 0.5 ml of AMBERLUE IRC-50 which was a cation-exchange resin having a carboxyl 
40 group (the amount of the anionic functknal group per unit volume of the adsoft>ent which swelled in water (1 ml): 3 
nvnoO (made by Rohm & Hass Co.) was weighed out, and thereto was added 3 ml of human MIP-1a addition human 
serum which was prepared in the same way as in Example 1 . And then, the adsorptk)n experiment was earned out and 
the concentration of MIP-1a in sipematant was measured in the same way as in Exanple 1 . 

45 



Result 


Adsort)errt 


Concentration of MIP-1 a 
in supernatant (ng/ml) 


AMBERLfTE IRC-50 


044 



55 Comparative Ex^mplQ 2 

As sedimentation volume, 0.5 ml of AMBERLITE IRA-938 which was an anion-exchange resin having a quaternary 
ammonium group (made by Rohm & Haas Co.) was weighed out, and thereto was added 3 ml of human MIP-1a addi* 
tion huPTBn serum which was pr^>ared in the sam way as in Example 1 . And then, the adsorption experiment was car- 
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lied out and the ooncentration of MIP-1a in supernatant was measured in the same way as in Example 1 . 



5 



Result 


Adsortmnl 


Concentration of MIP-1a 
in supernatant (ng/mi) 


AMBERUTE IRA-938 


1.0 



10 



Qompar^tivQ Example 3 

15 . As sedimentation volume, 0.5 ml of DEAE-TOVOPEARL 650 which was an anion-exchange resin having a diethyl- 
aminoethyl group (made l>y TDSOH Corporation) was weighed out and thereto was added 3 mi of human MIP-1a addi- 
tion human serum which was prepared in the same way as in Example 1. And then, the adsorption experiment was 
canied out and the concentration of MIP-1a in supernatant was measured in the same way as in Example 1 . 

20 



Result 


Adsortjent 


Concentration of MlP-la 
in supennatant (ng/ml) 


DEAE-TOYOPEARL650 


1.0 



It Is found that contrary to Comparative Examples 2 and 3 wherein the artion-exchange resin having the cationic 
30 functional group was used, the concentration of MIP-1 a in supernatant in Example 2 wherein the cation-exchange resin 
having the anionic functional group was used, was extremely decreased, and MIP-1a can be ^idently adsbrt>ed and 
removed using an adsoft>ent having an anionic functional group regardless of an isoelectric point (rf a ch^rokine. 

Example 3 

35 

DIAION HPK-55H which was a strongly acidic cation-exchange resin, made MITSUBISHI KASEI CORPORA- 
TION and a styrene-dtvinyibenzene copolymer having a sulfonic add group (the ion-exchange capacity: approximately 
1 meq/ml) was converted into Ma type, and then was equilibrated with physiologica! saline. In a test tube, 0.5 ml of the 
obtained resin was placed, and excess physidogtcal saline was removed. Thereto. 3 ml of human MIP-1a addition 
40 human serum which was prepared by addng recombinant hi^nan MlP-1 a (made by R & D systems) to human serum 
(the concentration of MIP-1a : 1 .1 ng/ml. the concentration of albumin: 4.0 g/dl) was added and shaked for 2 hours at 
37**C . The concentration of MIP-1a in supernatant was measured ri the same way as in Example 1 . Also, the concen- 
tration of albumin was measured by Bromoaesol Green method (BCG method). 

45 Comparative Example 4 

In a test ti^. 0.5 ml of physiological saline was placed, and thereto was added 3 ml of human MIP-1a addition 
human serum which was used in Example 3 (the concentration of MIP-1 a: 1.1 ng/mt tiie concentration of albumin: 4.0 
g/dl) was added and shaked for 2 hours at 37°C. Each concentration of MIP-1 a and albumin in supernatant was meas- 
50 ured in the same way as in Example 3. 



Result 


No. of Ex. or ComEx. 


Concentration of MIP-1a 


Concentration of albumin 


(Adsort>ent) 


in supernatant (ng^mQ 


in supernatant (g/di) 


Ex.3 (DIAION HPK-55H) 


0.02 


3.5 


Com.Ex.4 (None) 


0.9 


3.4 
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It is found that contrary to Comparative Exam|:^6 4, tlie concentration of MIP-1a in Example 3 was extremely 
decreased, and MIP-I0 in a solution can be efficiently adsort>ed and removed by means of the above-mentioned 
strongly acidic cation-excfiange resin. 

5 

Comparative Example 5 

DIAION HP-20 made by MITSUBISHI KASEI CORPORATION, comprising a slyrene-divinylbenzene copolymer 
and having no sulfonic add group; was equilibrated with physiological saline. In a test tube, 0.5 of the otrtained resin 
70 was placed, and thereto was added 3 ml of hun^n MIP-1a addition hunuin serum which was used in Example 3 (the 
concentration of MIP-1a : 1.1 ng/ml. the concentration of albumin: 4.0 g/dl) and shaked for 2 hours at 37*C. Each con- 
centration of MlP-la and albumin in supernatant was measured in the same way as in Example 3. 



Result 


No. of Com.Ex. (Adsorbent) 


Concentration of MIP-1a 
in supernatant (ng/nr^ 


Concentration of altximin 
in supernatant (g/dQ 


Com.Ex.5 (DIAION HP-20) 


0.02 


3.1 



It is found that. In Comparative Example 5. the corKentration of albumin in si4>ematant was extremely decreased, 
and albumin was extremely adsort)ed in case of using the styrene^iivinytb^izene copolymer to which no sulfonic add 
25 group was introduced. 

Exanfi>le4 

AMBERLITE 200C which was a strongly acidic catfon-exchange resin, made by Rohm & Haas Ca and a styrene- 
$0 divlnylbenzene copolymer having a sulfonic add group (the fon-exchange capacity: approximately 1 .75 meq/ml) was 
equilibrated with physiological saGna In a test tube, 0.5 ml of the obtained resin was placed, and thereto was added 3 
nd of human MIP-1a addition human seaim which was used in Example 3 (the concentration of MIP-1a : 1 .1 ngAnI, the 
concentration of albumin: 4.0 g/dl) and shaked for 2 hours at ZTQ . Each concentrat'on of MIP-1a and albumin in super- 
natant was measured in the same way as in Example 3. 



Result 


No. of Ex. ( Adsort>ent) 


Concentration of MIP-1a 
in supernatant (ng/rr^ 


Concerrtration of albumin 
in supernatant (g/dQ 


Ex.4 (AMBERLITE 200C) 


0.03 


3.7 



45 It is found that, in the same manner as in Example 3, the concentratfon of M IP-la was extremely deaeased, and 
MiP-1a in a solution can be eflidently adsorbed and removed by means of the above*mentk>ned strongly addrc cation- 
exdiange resin. 

In addition to the ingredients used in the Examples, other ingrecfients can be used in the Exarrples as set forth in 
the specif ication to otTtain substantially the same results. 

so 

Claims 

1 . An adsorbent for removing a chemoWne except interleukin-8 in body fluid, which comprises a sold material having 
an anionic functional group. 

2. The adsort>ent of Qaim 1. wherein the anionic functional group comprises at least one kind of functional group 
selected from the group consisting of sulfuric ester group, sulfonic acid group, carboxyl group and phosphoric ester 
group. 



in 
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3. The adsorbent of Claim 1 or Claim 2. wherein the solid material having an anionic functional group is a solid mate- 
rial onto which a polyanionic compound having plural anionic functional groups in its molecule imnx)bilized. 

4. The adsort^nt of Claim 3. wherein the polyanionic compound is a synthetic polyanionic compound and/or a syn* 
thetic acidic polysaccharide. 

5. The adsorbent of Claim 1 , wherein the solid nBterial having an anionic functional group is a styrene-divinylbenzene 
copolymer having a sulfonic acid group. 

6. The adsort^ent of Claim 5. wherein ion-exchange capacity of the styrene-divinylbenzene copolymer having a sul- 
fonic add group is from 0.01 meq/ml to 5 meq/ml. 

7. A method for removing a chemoWne except interleukin-8. which comprises bringing the adsorbent of any one of 
clainns 1 to 6 into contact with body fluid containing the chemokine. 

8. The method of daim 7. wherein a vessel which has an inlet and an outlet for fluid contains the adsorbent for remov- 
ing a chemokine in the vessel. 

9. An adsort>er for removing a chenrx>kine except interleukin-8, wherein a vessel which has an inlet and an outlet for 
fluid and is equipped with a means to prevent the adsorbent of any one of claims 1 to 6 from f kiwing to the outside 
of the vessel, is charged with the adsorbent of any one of daims 1 to 6. 

10. Use of an adsort>eri according to daim 1 . 2, 3, 4. 5 or 6. for the manufacture of an adsort>ent for removing a chem- 
okine except interleukin-8 in body fluid. 
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